Methods: Bone marrow aspirates (BMAs) were obtained from the iliac crest of six sheep following ethical approval from the University of Alberta's Animal Care and Use Committee. BMSCs were isolated in a 2D environment by plastic adherence, expanded to passage two (P2) in flasks containing expansion medium supplemented with 5 ng/ml fibroblast growth factor-two, and seeded within collagen I scaffolds (6-mm diameter; 3.5-mm thickness; 115 ± 20 µm pore size) at densities of 50, 10, 5, 1, and 0.5 ×10 6 BMSCs/cm 3 . For 3D isolation and expansion, BMAs were seeded on collagen I scaffolds with 50, 10, 5, 1, and 0.5 ×10 6 BMNCs/cm 3 and cultured in expansion medium for an equivalent duration to 2D expansion. Constructs were differentiated in vitro in serum-free chondrogenic medium containing 10 ng/ml transforming growth factor-beta three and 100 nM dexamethasone for 21 days. Cell number was calculated from hemacytometer counting and DNA quantification using nucleic acid fluorescence. Gene (mRNA) expression was determined using RTqPCR. ECM deposition was assessed with safranin O staining of proteoglycans, collagen immunofluorescence and glycosaminoglycan (GAG) quantification using dimethylemethylene blue absorbance. Statistical analyses were performed using a Kruskal-Wallis analysis of variance to assess differences in mRNA, GAG and DNA between seeding density groups. A Mann-Whitney U test evaluated differences between pre-and post-differentiation mRNA expressions.
Results:
The duration of time from plating of BMNCs to 80% confluence at P2 during 2D expansion was 23.8 ± 0.8 days. 2D expansion yielded 27.6 ± 4.4 ×10 6 BMSCs per P0 flask, which equated to 34.2 ± 4.5% of the BMNC count during flask seeding. 3D expansion produced BMSC counts that were 5.8 ± 0.9%, 14.9 ± 6.2%, 24.2 ± 9.9%, 89.5 ± 59.2%, and 100.3 ± 92.2% of seeded BMNC counts for seeding densities of 50, 10, 5, 1, and 0.5 ×10 6 BMNCs/cm 3 , respectively. 2D-expanded BMSCs seeded at all densities were capable of proteoglycan production and displayed increased expressions of aggrecan and collagen II mRNA relative to pre-differentiation controls ( Figures 1A and 1B) . Collagen II deposition was apparent in scaffolds seeded at 0.5-10 ×10
